Abstract-Critical flicker frequency (CFF) was investigated in a free swimming harp seal using behavioral techniques. The resulting CFF vs intensity curve indicates a definite rod/cone break. suggesting a duplex photoreceptor population, whose presence had not been observed in previous morphological reports.
INTRODUCIION
The harp seal, Pugophilus groenlundicus (Erxleben, 1777) . normally operates under a wide range of illumination conditions. ranging from murky oceanic depths of as much as 275 m (Nansen, 1925) to the dazzling brightness of sunlit ice (Mansfield 1967) . It might be expected that the harp seal would have a visual system capable of efficient response under these conditions manifested by duplex retinal organization, similar to other species that operate under such ambient light situations. In this case, duplicity of retinal organization may be characterized by a system with high gain and low resolution and a second complementary system of lower sensitivity but higher spatio-temporal resolution. Nevertheless. light microscopy of the retina of the harp seal (Nagy and Ronald, 1970) failed to find clear evidence of two receptor populations. Instead, receptors with cone-type pedicles were observed (Jamieson and Fisher, 1971) , suggestive of Pedler's (1965) type B cell, a relatively sensitive polysynaptic receptor found in the fovea of rhesus monkeys. However, Nagy and Ronald (1970) also found a high convergence ratio of receptor to bipolar to ganglion cells (100: 10: 1) that is more characteristic of a rod-populated retina. Supporting this view Lavigne and Ronald (1972) obtained behavioral data indicating that the visual system of the harp seal was capable of response under dim conditions with a terminal threshold value of 6.7 x 10-5~W/m' at peak spectral sensitivity (525 nm). In addition, an 8-log-unit gain in sensitivity was found during the course of dark adaptation. However, they also found a 25nm Purkinje shift, which might be interpreted as giving indication of two receptor populations, or at least the presence of two photopigments. The latter view was adopted by Nagy (1971) who concluded through his electron microscopy study, based on outer segment structures, that the retina of the harp seal is populated by a single class of photoreceptors containing at least two photopigments.
Clearly, in the present case, morphological description may be at variance with behavioral data, a-situation that has frequently arisen in the description of the retina of animals whose receptor populations do not fit into classical receptor categories. In such instances behavioral data obtained under controlled 'This research was supported by a National Research Council of Canada Grant to the second author.
viewing conditions is likely to provide the clue to understanding functional organization of the retina.
While many measures are available, critical flicker frequency (CFF) has been widely used in such contexts. In humans and other species with duplex retinae, it has been shown that when CFF is plotted as a function of stimulating light intensity, two branches of the curve are obtained (Porter, 1902; Piper, 1911; Granit and Riddeli, 1934; Granit, 1935) . There have been many demonstrations that CFF rates are not only generally higher for cones than for rods (Horsten and Winkleman, 1962; Dodt, 1967; Tigges, Brooks and Klee, 1967; Grdy and Samorajski, 1968) , but that the unique contributions of the different receptor populations are evidenced by a distinct break in the CFF-intensity curve. Such findings have been obtained with the cat (Dodt and Enroth, 1954) and other species with morphologically distinct retinae, such as the sunfish, f.epomis (Crozier, Wolf and Zerrahn-WoK 1936) ; the frog, Rana pipiens (Crozier and Wolf, 1939) ; and the newt, Triturus (Crozier and Wolf, 1940) . Evidence from species with single photoreceptor systems supports the view that CFF serves as a reliable indicator of temporal functioning of receptor systems. Species with pure cone systems tend to exhibit high CFF rates, such as the American red squirrel, Tamiasciurus .hudsonicus loquax (Tansley, Copenhauer and Gunkel, 1961) or the tree shrew, Tupaia glis (Tigges et al. 1967; Ordy and Samorajski, 1968) which show rates of 65 and 90 flashes per second (fps) respectively. In addition, no transition or break is found in the CFF-intensity function for single receptor retinae as in the case of the pure cone iguana, Iguana iguana, or the pure rod Tokay gecko, Gekko gekko (Meneghini and Hamasaki, 1967) . CFF rates in animals with rod only retinae show relatively low rates such as the value of 20 fps obtained with Gekko gekko. Although there appears to be general agreement between histological evidence and flicker data, a number of discrepancies between anatomical and functional descriptions has been reported. Thus, Crozier and Wolf (19443, in a behavioral study, observed a duplex CFF contour in the soft-shelled turtle, Trionyx emori, which according to Gillett (1923) possesses an all cone retina. Again the Phelsuma geckos were originally thought to have pure cone retinae (Tan&y, 1961; Arden and Tansley, 1962) , but Arden and Tansley (1962) reported breaks in the electroretinographic-CFF curves of the Phelmna inunglis.
